Background: Cisplatin is considered as the crucial regimen of widely prescribed chemotherapy treatment to many cancer types. However, incessant increasing dose of cisplatin against many cancers including cervical cancer is known for drug resistance and side effects like nephrotoxicity and ototoxicity. Methods: To address above problems, this paper reports using ATM kinase inhibitor (KU55933) and siRNA DNA ligase III to alter the DNA repair response in vitro low dose cisplatin treated HeLa cells. Here, authors performed cell proliferation, MTT cell cytotoxicity, annexin V/PI staining flow cytometery and PI stained cell cycle assays to substantiate observations. Results: This paper reports that low dose cisplatin (10 µM) can show better effects in vitro growing HeLa cells in combination with KU55933. However, we included siRNA DNA ligase III along with KU55933, but data suggest that the level of DNA ligase III protein are not changed due to treatment with siRNA DNA ligase III as shown by immunocytochemistry assay. Even though, level of DNA ligase III is not altered in the present finding, use of KU55933 as combinatorial option with low dose cisplatin produce significant anti-proliferation effects (up to 35%) and also loss of cell viability including apoptotic cell death (up to 30%) in treated HeLa cells. Conclusion: This study suggests that KU55933 in combination with low dose cisplatin may be a good option to bring anti-proliferation and loss of viability in HeLa cells and may be explored in other cancer cell lines as well.
Introduction
At global level, cervical cancer is considered as the second most happening cancer types [1] . Chemotherapy is one of the therapies of cancer where the chemical compounds are used as drug to target the genes or proteins [2] [3] [4] [5] [6] [7] [8] . There are several compounds used as anticancer drugs such as alkylating agents including platinum based drugs [9] [10] [11] [12] [13] . In spite of certain success, these treatment options face limitations and huddles such as drug resistance, side effects as nephrotoxicity heart failures and relapse of cancer [6, [9] [10] [11] [12] [13] . The mechanism of action of cisplatin revolves around binding at the N7 guanine residue in dsDNA, thereby forming 1, 2 intra-strands [2, [14] [15] [16] [17] . Adducts formed by Cisplatin are recognized by the repair pathways like NER (Nucleotide Excision Repair), BER (Base Excision Repair) and MMR (Mismatch Repair) [2, 10, 14, 15] . These repair pathways involve different recognition proteins to bind to the damaged DNA, after which they initiate either repair or apoptosis [2, 18, 19] .
Among many specific DNA repair proteins, ATM kinase and DNA ligase III are suggested to contribute in cisplatin mediated DNA repair system that leads to the better cell survival instead of cell death [4, 8, 9, 10, 12, 19, 20, 21] . This article attempts to establish the importance of inhibiting ATM kinase
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International Publisher and also DNA ligase III for enhanced effects of low dose cisplatin in HeLa cells. Hence, present paper emphasizes the scope of using low dose cisplatin to show fewer side effects and at the same time with better efficacy in combinatorial options with DNA repair protein inhibitors.
Material and Methodology

Materials
Cell culture reagents were purchased from Invitrogen India Pvt. Ltd. and Himedia India Pvt. Ltd. HeLa cells were procured from National Centre of Cell Science (NCCS), Pune, India. Cisplatin and KU55933 were procured from Cayman Chemical chemical, USA. Propidium iodide and apoptotic assay kit was purchased from ThermoFisher Scientific, USA. All other chemicals were of analytical grade and obtained from Himedia India Pvt. Ltd and Merck India Pvt. Ltd.
Cell Line Maintenance and Seeding
HeLa cells were cultured and maintained in DMEM (Dulbecco's Modified Eagles Medium) (Himedia) with high glucose supplemented with 10% heat inactivated NBCS (New Born Calf Serum) (Himedia)/penicillin (100 units/ml)/streptomycin (100 µg/ml) at 37°C in a humidified 5% CO2 incubator.
Cell Proliferation and Viability Assay
Cytotoxicity assays were carried out in 6 well plates. 1.5 x 10 5 cells were seeded and after 16 h, respective treatment of drug and inhibitor was subjected to cells and incubated in CO 2 incubator at 37ºC for 72 h. The following treatment conditions were used for HeLa cells proliferation assay as DMSO control, cisplatin (10 µM), siRNA DNA ligase III (20 picomols of siRNA duplex) [sc-72079, Santacruz Biotechnology] + KU55933 (2.5 µM) and cisplatin (10 µM) + siRNA DNA ligase III (20 picomols of siRNA duplex) + KU55933 (2.5 µM). In this paper, it is worth to mention that use of siRNA DNA ligase III was preceded without the transfection reagents due to discernible toxicity from the transfection reagents alone. In this case authors considered the possibility of entry of exogenous siRNA after making complexes with extracellular vesicles present in the serum components of used culture medium. After completion of 72 h, HeLa cells were harvested and total cell count and cell viability estimation were carried out by trypan blue dye exclusion assay and hemocytometer counting.
Mtt Cell Cytotoxicity Assay
HeLa cells were seeded into 96 well flat bottom plate with the seeding density of 10000 cells per well in a final volume of 200 µl. Next, HeLa cells were allowed to adhere for next 16-18 h. After 16 h, cells were treated in triplicates for treatment combinations as mentioned in the cell proliferation assay. In this experiment, HeLa cells were incubated with above described treatment conditions for 72 h at 37°C. At the end of experiment, medium from wells was aspirated. Further, HeLa cells were treated with 100 µl of RPMI medium to avoid interference during absorbance. Then, 10 µl of (Thiazolyl blue tetrazolium) MTT solution was added to each respective well. Next, cells were then incubated for 2-4 h in dark. At the end of incubation and observation of purple color, 100 µl of isopropanol was added to each well. The plate was gently stirred and pipetted in and out to allow the crystals to be dissolved. The cells were incubated for 2 h in dark and the absorbance was measured by using ELISA reader (ThermoFisher Scientific) at 570 nm and at a reference wavelength of 650 nm.
Fluorescent Microscopy
Prior to seeding HeLa cells onto a 6 well plate the wells were coated with 0.4% gelatin immersed with a sterile coverslip. This was incubated at 4°C and later cells were seeded following the drug treatment options as mentioned in case of cell proliferation assay. At the end of treatment, HeLa cells were washed with PBS. Fixation of HeLa cells was carried out with 4% formaldehyde followed by cell permeabilizing with Triton X. Blocking of the non-specific binding sites was carried out by 4% blocking buffer and rabbit primary antibody anti-DNA Ligase III was added (1:10000) and followed by secondary anti-rabbit Alexa flour 568. Then after, HeLa cells were also stained with DAPI. After necessary incubation, HeLa cells were observed under fluorescent microscope (Zeiss) at 40X magnification using DAPI and Alexa flour 568 red filter.
Flow Cytometry Based Cell Viability and Apoptosis Determination Assay
HeLa Cells were subjected to desired treatment conditions as mentioned in above cell proliferation assay. HeLa cells were harvested at the end of 72 h of treatment and cells were washed with PBS. The pelleted HeLa cells were suspended in 1X Annexin Binding Buffer (ABB) and FITC Annexin V was added followed by PI (100 µg / ml) and incubated for 15 min at the room temperature. Then, cells were analyzed on BD FACSJazz Cytometer to count the live and dead cells. At least, 10,000 events were collected and analyzed per measurement.
Cell Cycle Analysis
HeLa cells were plated and treated with the desired drug and inhibitor treatment options as described in previous cell proliferation assay section. At the end of treatment for 72 h, HeLa cells were harvested and washed with ice-cold 1X PBS for 3 times. After washing the cells were subjected to fixation by 70% ethanol with incubation at 4°C for 30 min. The fixated cells were passed through cell strainer to eliminate the clumped cells. Further, the cells were washed with PBS and they were subjected to RNase (5µg/ml) and PI (10µg/ml). Finally, stained cells were analysed on BD FACSJazz using blue laser.
Statistical Analysis
Data shown are presented as the mean ± SD of at least three independent experiments; differences are considered statistically significant at P < 0.05, using a Student's t-test.
Results
Anti-proliferative and loss of viability
To evaluate the potentiation of low dose cisplatin effects in vitro HeLa cells, authors report the combined effects of KU55933 and siRNA DNA ligase III for anti-proliferative and bring cell cytotoxicity in HeLa cells. By using Trypan blue dye exclusion and MTT assay, authors see minimal anti-proliferative and toxicity due low dose cisplatin (10 µM). Interestingly, combined use of KU55933 and siRNA DNA ligase III along with low dose cisplatin showed significant level of reduction in the HeLa cell count and also loss in viability up to 30% (Figure 1A-D would like to clarify that due to technical incompatibility of siRNA DNA ligase transfection protocol, there is not significant reduction in the DNA ligase III protein level. Therefore, data suggest that only ATM kinase inhibition by KU55933 (2.5 µM) might have worked in the present treatment condition and appears to be potentiating the effects of low dose cisplatin with reduction in proliferation capacity and enhanced toxicity in HeLa cells. However, from this experiment, it is not clear about the observed effects in HeLa cells either through cell cycle arrest or apoptotic cell death.
Immunocytochemistry assay
To evaluate the extent of effects of siRNA DNA ligase III in HeLa cells, we submitted treated HeLa cells for immunocytochemistry by using anti-DNA ligase III primary antibody and observed at 40X using fluorescent microscope ( Figure 2B ). In another panel, DAPI stained HeLa cells images are given ( Figure  2A ). Due to issue in siRNA transfection protocol, we do not find significant reduction in the DNA ligase III protein expression in the HeLa cells treated with siRNA DNA ligase III in combination with KU55933 and cisplatin. Analysis on stained HeLa cells treated with combinations of cisplatin and KU55933 confirms the reduction of HeLa cells as observed in case of Trypan blue dye exclusion and MTT assays. At the same time, present data is not able to suggest the combinatorial use of siRNA DNA ligase III due to absence of significant reduction of DNA ligase III protein levels in the treated HeLa cells.
Cell viability and apoptosis assay by flow cytometery
To estimate the extent of apoptosis and loss of viability in HeLa cells treated concomitantly with low dose cisplatin, siRNA DNA ligase III and KU55933, the use of annexin V/FITC and PI staining method is preferred. The flow cytometer graphs are presented showing the intensity of HeLa cells stained with PI and annexin V/FITC (Figure 3-D) . The analysis of flow cytometer graph is shown as percentage of viability of HeLa cells treated with DMSO and low dose cisplatin, siRNA DNA ligase III and KU55933 ( Figure 3E ). We also estimated the extent of percentage of apoptotic cells in the parent populations of HeLa cells treated with DMSO and low dose cisplatin, siRNA DNA ligase III and KU55933 ( Figure  3F ). Data show to some extent up to 30% loss of viability of HeLa cells treated with combination of cisplatin, siRNA DNA ligase III and KU55933 over the DMSO and drugs alone. On the other side, it also appears that slight increase in the apoptotic cells in Hela cells treated with concomitant use of low dose cisplatin, siRNA DNA ligase III and KU55933 in comparison to DMSO and drugs alone.
Cell cycle analysis
To evaluate the potential of combined use of cisplatin, siRNA DNA ligase III and KU55933 against HeLa cells, the pattern of cell cycle stages in HeLa cells were studied using PI staining flow cytometer assay ( Figure 4A-D) . The PI intensity calculated by the flow cytometer is proportional to the distribution of DNA in phases like G0/G1, S and G2/M. Combinatorial treatment of Cisplatin, KU55933 and siRNA DNA ligase III depicts that proportion of G0/G1 has significantly decreased compared to the DMSO control almost by 30% ( Figure 4E ). At the same time, percentage of S phase of HeLa cells treated with cisplatin, siRNA DNA ligase III and KU55933 were appreciably increased by 22% compared to the DMSO control ( Figure 4D ).
Discussion
Cancer being one of the most devastating diseases is widely spreading all around the globe. There are several anti-cancer drugs and also synergistic drug regimens that target intracellular pathways including DNA damage response pathways [2, 3, 4, 7, 8, 20] . This combination of drugs and inhibitors produces plethora of responses including cell cycle arrest, apoptosis and other cell death process [2] [3] [4] [7] [8] 20] . . E: Percentage of G0/G1 phase of cell cycle over DMSO control. F: Percentage decrease in S phase of cell cycle over DMSO control. Cells were then harvested by trypsinization, fixed, and stained with propidium iodide for cell cycle analysis by flow cytometry. The data are represented as mean ± SD. Each experiment was conducted independently three times. The bar graph without any asterisk denotes that there is no any significant difference compared to DMSO control. * Significantly different from DMSO control at P-value < 0.05.
The well-known platinum based drug, cisplatin, is being used from decades for carcinoma treatment including cervical cancer. The major issue concerned with cisplatin as a chemotherapeutic option with excessive over dose leading to drug resistance and patients secondary pathophysiological conditions including secondary tumor [2, 5, 6, 10, 14, 16, 22] . The reasons behind cisplatin resistance and efficacy issues may be due to decreased accumulation of drug inside the cell, altered DNA repair or increased efflux of drug [2, 10, 14, 16, 23, 24] . One such outlook is use of the small molecule inhibitors targeted to the DNA repair response proteins along with the drug cisplatin [4, 7, 8, 20, 24] . These small molecule inhibitors such as KU-55933, SCR7, L189 and siRNA DNA Ligase III are reported among with cisplatin thereby potentiating the responsiveness of cisplatin drug [4, 7, [20] [21] [22] [23] [24] [25] [26] .
There are reports on the efficacious action of concomitant treatment with genotoxic drugs and DNA repair inhibitors in many cancer types [6, [9] [10] [11] [12] [13] . At the same time, these combinatorial drug options show varied molecular and cellular responses including anti-proliferative, apoptosis and autophagy and loss of viability [6, [9] [10] [11] [12] [13] .
Therefore, present paper demonstrates the clear and significant reduction in total HeLa cell count and also decreased viability. Trypan blue dye exclusion and MTT assays are basic and simple cell based assay to study anti-proliferative and cell viability in vitro growing cells. The use of this assay is also appreciated to determine the total cell content and in turn to assess the cell proliferation rate [27] [28] [29] . The degree of observed anti-proliferative and loss of viability is almost comparable to other reported studies using cisplatin and other classes of synergistic drugs and inhibitors [11, 13] . Interestingly, total cell proliferation and MTT based cell viability data is well supported from the annexin V/PI staining apoptotic cell death assay. In case of annexin V/PI staining results, we found loss of viability up to 30%, that is in consonance with the Trypan blue dye exclusion and MTT based assay. At the same time, data point out the presence of apoptosis to some extent, but the possibilities of other cell death mechanisms such as autophagy may not be ruled out and there is a need to further investigate in future. Further, cell cycle analysis is also in coherence with the other cell based assays and finding shows that HeLa cells treated with combinations of cisplatin and KU55933 are arrested in G0/G1 phase of HeLa cell cycle and also appreciable reduction in S phase of cell cycle. However, data do not suggest in the alteration of G2/M phase cell cycle due these treatment conditions.
In past years, there are appreciable evidences on the use of other form of combinatorial drug regiments to enhance the toxicity of low dose cisplatin and at the same time removing issues related to high dose effects in cancer treatment. In a low dose cisplatin based toxicity study in HeLa cells, authors show that Interferon β combined with cisplatin can be useful for better effectiveness [11] . Another evidence indicates that low dose of cisplatin in HeLa cells can be forced to go for autophagy by the combinatorial use of rapamycin drug [13] .
Reports also mention that action of DNA ligase III and ATM kinase are interrelated in a way where the ATM is responsible for the recruiting the ligase which is been further involved in cdk2 cell cycle proteins and hence participate co-operatively in repairing the DNA [30, 31] . However, in our case, we do not find any clear role of DNA ligase III in the combinatorial treatment to HeLa cells, as reduction in DNA ligase III protein level is not achieved up to the desired level. Therefore, authors exclude the potential role of DNA ligase III and suggest that KU55933 can show significant anti-proliferative and to some extent bring apoptotic cell death to support the loss of HeLa cell viability. Authors do not exclude the contribution of autophagy mediated cell death for the clearly observed loss of HeLa cell viability due to combined effects of cisplatin and KU55933. The role of ATM kinase in NER mediated DNA repair responses to cisplatin action in cancer cell are reported for better survival of cancer cell including HeLa cell. Hence, the present data support the existing view that by targeting ATM kinase using small molecule inhibitor may put HeLa cell under GO/G1 cell cycle arrest. Additionally, authors find the additional observations in the form of blockade of HeLa cells to enter into S phase of cell cycle. This observation needs to be investigated in future.
Conclusion
In conclusion, present research work supports the combinatorial drug approaches including cisplatin at low dose and KU55933 an ATM kinase inhibitor to bring appreciable cell blockade of HeLa cell proliferation and loss of viability. In the current understanding, these drugs/inhibitors approaches sound logical as the role of inter and intra-tumor heterogeneity is highly known to impact the drugs/inhibitors responses. Therefore, in future use of cisplatin and KU55933 should be standardized and tested based on the personalized medicine where patients are having high ATM kinase expression.
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